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Comparative Analysis, Phase Il

1.0 INTRODUCTION

Consistent with the requiremehts of contract DASG60-85-C-0014, Phase Il of the
Comparative Analysis of Geographic Information Systems has been completed by Engineering
and Economic Research, Inc. (EER) and Engineering Analysis, Inc. (EA!). The goal of Phase
Il was to analyze the four geographic information systems (GIS) that were determined
significant in Phase |, determine those salient attributes applicable to the Comprehensive
Site Analysis Process, and recommend those attributes that would be adaptable to a
BMDSCOM GIS. The seven design areas in which comparative analysis was performed were:
(1) management, (2) applications, (3) process, (4) hardware and software, (5)
personnel, (6) costs, and (7) data and data sources.

Each individual GIS that was examined in Phase Il will be discussed in Section 2; the TVA
Geographic Information Services, the Kentucky Natural Resources Information System, the
Bureau of Land Management's Denver Service Center, and the Geographic Management
Information System, ESL. This represents systems from Intergraph, ESRI, MOSS, and ESL,
respectively. Additionally, since the US Geological Survey utilizes three of these four
systems, a site visit and interview was conducted there in order to gain insite into a user'’s
comparison of concurrently utilized systems. The USGS is also a major source of digital
geographic information and it was determined important to identify the means for future use
of this source.

Section 3 is a comparison of each of the systems in terms of the seven design criteria that
serve as a basis of future BMDSCOM implementation. Section 4 is an analysis of the
attributes of each system in relation to the site analysis requirements. Section S is two
recommendations for a GIS implementation, one short term, the other long. Section 6 is
references used. Appendix A is the Phase || questionnaihes.

EA,Inc. ' 1 EER,Inc.




2.0 SITE YISITS AND INTERVIEWS

Site visits were conducted during the period 14 June 1985 to 3 July 1985. Mike Mullen of
EAl conducted the interviews at TYA GIS, Norris, TN and KNRIS, Frankfprt, KY. Al Stults of
EER conducted the interviews at BLM, Denver, CO; ESL, San Bernadino, CA; and USGS,
Reston, YA. The interview worksheets are included as Appendix A and in the Phase I
addendum to the CA Data Book. In addition, user's manuals for MOSS, ARC-INFO, and GES
were available to aid in the analysis.

Section 2.1 is the analysis of the TVYA GIS, section 2.2 is the analysis of the Kentucky Natural
Resource Information System, section 2.3 is the analysis of the Bureau of Land
Management's MOSS system, and section 2.4 is the analysis of ESL's GMIS. These sections
will be arranged in the following order to expedite comparison, ( 1) hardware and software,
(2) management, (3) applications, (4) process/ capabilities, (5) data and data sources,
(6) costs, and (7) personnel. Section 2.5 will be a discusion of the visit to USGS.

2.1 TENNESSEE VALLEY AUTHORITY (TVA)

The Tennessee Yalley Authority’'s Geographic Information System staff, which is part of the
Natural Resources and Field Services, has operated an Intergraph GIS system since 1980
when it purchased the polygon-based Intergraph GIS system and incorporated the grid
cell-based system it had been using into it. In the past few months, TVA has upgraded their
GIS to include a larger system computer with greater capacity, along with software
improvements and additions. The features of the Intergraph system utilized by TYA and
TYA's applications environment are presented in the following sections.

2.1.1 HARDWARE AND SOFTWARE

The recently upgraded Intergraph GIS which TYA now operates consists of the hardware
compoonents identified in Table 2-1. The system is based on a minicomputer, the YAX
11/785, with 8 MB of memory. The system uses graphics processors to boost performance.
The system has 2250 MB of disk storage as well as a tape drive for data archival. The data
input devices include five high precision graphics tables, color workstations, color plotters,
standard video terminals, and line printers. 1t should be noted that the Intergraph GIS is

EA,inc. 2 EER,Inc.
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Table 2-1 TVYA's INTERGRAPH GIS Hardware (Major Components)

ltem
Yax- 11/785 with 8 MB of memory
Graphics Processors
675 MB Fixed Module Disk Drives
300 MB Removable Module Disk Drives
Interact Color Workstations
Interview Color Workstations (42" x 60" high precision
digitizing tables)
Yersatec Y-80 Hard Copy Units
Yersatec Color Electrostatic Plotter (42" wide)
Calcomp 965 Pen Plotter
Alphanumeric Yideo Terminals
Epson Line Printers
800, 1600, 6250 bpi; 125 ips; 9-track Tape Drive
Line Printer




highly graphics oriented and utilizes much digitization requiring the numerous
workstations. The current hardware can be upgraded with an additional 8 MB of memory and
up to two additiona! disk drives of over 600 MB capacity each. Additional equipment can also
be added which will allow up to three more remote graphics workstations.

Major software packages in TYA's GIS are listed in Table 2-2. Some of these packages are
Intergraph supplied, others are from the grid cell-based system which TYA incorporated
into the GIS, while others are from other GIS software vendors. The recent upgrade
improved TVA's capabilities in Digital Terrain Modeling, in architectural areas related to
GIS capabilities, and in strictly graphics areas.

2.1.2 MANAGEMENT
The Geographic Information Services staff provides services to other TYA branches ina wide

 variety of technical areas. These services support projects which include: (1) industrial

site screening, (2) forest industry site inventory and marketing, (3) regional air quality
monitoring, (4) development of land management plans for TVA reservoir properties, (5)
regional fisheries and molluscan investigations, (8) archaeological site inventory, (9)
natural areas site inventory, (10) environmental assessment and review, (11) land
capability /suitability analyses, and ( 12) natural resources planning. Since it isaservice
organization, it is not budgeted as a separate entity within TYA. Rather it is funded by the
organizations within TYA which it serves. It operates for all practical purposes as if it were
a private consulting firm offering similar services. It must demonstrate to customers both
within TYA and within other agencies how its GIS services can be beneficial to that
organization. In addition, the Geographic Information Services staff must be able to respond
rapidly and efficiently to meet the needs of its "customers”. The staff is divided into two
basic parts, applications and operational. The operational staff actually performs the
services with the assistance of the applications staff. This lends expertise for modeling
functions of the system requiring technica! decisions about iterative processes.

The major management concerns center about the fact that the organization is an essentially
independent entity within TVA and that the GIS is an expensive system which must be used a

EA,Inc. 3 ’ EER,Inc.
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Table 2-2 TYA's GIS Software Packages

YAX/ YMS Operating System

" Interactive Graphics Design Software (1GDS)

Data Management and Retrieval System (DMRS)
FORTRAN 77 for YAX

Elastic Body Small Angles Least Squares (EBSALS)
Bulk Input Text System

World Mapping System (WMS)

Grid Data Utilities

Distributed Graphics Software (DGS)

. Graphics Polygon Processing Utilities (GPPU)
. Digital Terrain Modeling Nucleus Software (DTM)

DTM Interactive Surface Edit
DTM Earthworks
DTM Graphics

. Edge Matching (EGM)
. Architectural Production Drawings

Engineering Production Drawings

. Architectural Modeling

. Space Planning/ Facilities Management
. Strategic Planning

. Stack and Block Algorithm

. GIS/ IMGRID Conversion Program

. DTM Slope and Aspect Enhancements

. DTM Earthwork Enhancements

. Shadow Pattern Simulation Software




great deal in order to justify its cost. In order to do this, the system is operated on two
shifts which increases system utilization. This independant status means that the staff must
effectively market and utilize the system's capabilities. TYA's organization of the
Geographic Information Services staff appears to be appropriate for TYA and for any
organization operating a GIS in a mode where it is operated as a service entity for other
parts of the organization or outside customers.

2.1.3 APPLICATIONS

TVYA uses the GIS to perform services in the twelve general project areas which were listed
previously. This subsection is intended 1o give -additional details and examples of TVYA
applications. During 1984, TYA's Geopraphic Information Services Staff performed 48
projects ranging in scale from just a few hundred acres to regional scale projects. The
range of efforts of these projects in monetary terms ranged from thousands to hundreds of
thousands of dollars per project. Some of the projects performed involved reservoir plan
development services, industrial site screening projects, industrial site inventories, a
gypsy moth inventory covering part or all of several states, and a project estimating
regional forest biomass. Although these are just a few examples, it is obvious that the range
of applications is very broad. While TYA's activities in power plant siting are no longer a
consideration for the immediate future, industrial plan siting and nuclear plant
maintenance are expected to occupy more of the GIS staff's activities. For that reason, the
capabilities in the area of digital terrain modeling, CAD/CAM, and graphics have been
supplemented in the recent upgrade. |

2.1.4 PROCESS/ CAPABILITIES

The Intergraph GIS which TYA currently operates has the capabilities of an engineering
mapping system, a parcel information system, a thematic or statistical mapping system,
and combinations of these functions. The Intergraph system as obtained by TVA does not have
image processing capabilities. TYA has an image processing capability by way of
incorporation of an earlier grid cell-based system into the GIS. Other third-party software
exists aé well, for additional capabilities in several functional levels including: data

EA,Inc. - 4 EER,Inc.




encoding, data editing, data manipulation, retrieval and output, coordinate changes,
projection changes, scale changes, overlaying and related functions, grid cell analysis,
digital terrain ana]ysis,'output, database manipulations, and interactive functions. Table
2-3 summarizes some of the more important of these capabilities.

2.1.5 DATA AND DATA SOURCES

TYA cartographic data comes almost entirely from internal digitization either for the
specific project or from databases created for the same area in earlier projects. As much as -
ninety-five percent of the cartographic data is digitized internally, with only five percent
currently being obtained from other agencies or sources. Satellite data is utilized, but it is
processed by TYA's Mapping Services Branch. The attribute data utilized in projects comes
from the various entities within TYA or other clients of Geographic Information Services.

Due to the fact that most of the data development costs are carried by the system clients, it is
not possible to provide much information on data costs. However, an example can be given
for a large reservoir development project plan. For the project involving Watts Bar
reservoir, a total of $270,000 has been spent on the multiyear project to date. Of that
amount, about$ 180,000 has been for database development with the remainder going for
analysis and project management.

2.1.6  COSTS
The TYA GIS costs can be readily broken down into the areas listed in Table 2-4. Major costs
are system acquisition, labor, maintenance, and initial training.

~ These costs result in an annual operating cost of approximately $1.1 mil. The funding comes
strickly for services performed for other TYA branches and outside clients. In order to be
cost effective, the system must be utilized more than one shift.

2.1.7 PERSONNEL

As indicated in Figure 2-1 the Geographic Information Services staff is broken into
operating and applications groups. The total number of personnel is currently 17 but the

EA,Inc. 5 EER,Inc.




Table 2-3 Summary of GIS Capabilities- TYA System

Process
Data Entry

Data Editing
(1. Spacial)

(2. Attribute Data)

Map Generalizations

Spacial Computations
& Manipulations

Observations/ Comments

* Data entered via digitization

* Automatic scanner cost too high to justify use

* Cell encoding and topological data structures not supported by
Intergraph

* | andsat data entry not in use but could be with proper software

* Typically plot done at map scale with visual overlay on light
table

* |nteractive screen editing

* "Health Checker" software very good

* Sliver removal: slivers not allowed by data entry procedures

* Polygons below minium size can be eliminated to remove
slivers in overlaying '

* Edgematching routine only fair, problems avoided by
procedures

* Arc to polygon conversion supportéd

* Editing of three deminsional coordinates

* Pan and Zoom for browsing and windowing

* Query window generation very flexible

* Can view current file plus three reference files

* Excellent boolean attribute data retrieval and statistical
summaries, also boolean graphics

- ¥ Line coordinate thinning, polygon vertex coordinate thinning

done by MIZAR
* Dropline function

* Calculates polygon centroids for labeling
* DTM routines are accurate, fast, and allows rapid automatic
contouring




Polygon Overlaying/
Related Measurements

Grid Cell Analysis

Digital Terrain
Modeling

Table 2-3 Continued

* Proximal mapping

* Grid to polygon and polygon to ghid conversions

* 15 different projections

* Scale limited only by plotter

* Distortion removal by elastic body small angle least squares
* Coordinate rotation and translation

* Largest polygon 15000 coordinate pairs

* Largest map file 32000 blocks of 512 bytes

* No limits for island nesting

* Resultant polygons from overlaying allows 18 datasets with
pointers back to original with limited statistical capabi]itieé

* Dropline function to reduce data density

* All measurements, point on point, point in line, point in
polygon, polygon with points, polygon on polygon, etc.

* Line measurements available in any standard units

* Area measurements in any units

* Yolume measurements in user defined units

* Both Intergraph and grid-cell based systems allow overlays
* Area calculation overlays

* Transportation analysis not available for existing networks
* Proximity analysis in both systems

* Optimal corridor selection not yet on Intergraph system

* 3D views, crossections, any rotation
* Contouring

_ * Slope (), aspect (degrees), and sun intensity analysis

* Watershed computations done with IMGRID
* Yisibility analysis available via OCTYIEW on IMGRID




Output

Database Management

Interactive Graphics

Table 2-3 Continued

* Yersatec Y-80 or plotter
* 42" electrostatic color mapping

~ * Calcomp plotter

* Tabular output via line printer or Epson
* B&W Terminals
* High resolution color ( 1024 x 1280 pixels x 256 colors)

* Creation via digitization, interactive editing

* YAX 0S, 63 levels withiin file

* User directories set by project leader

* Unlimited windowing & boolean attribute queries, all attributes
searchable

* Multiple maps readily manipulated by piecing together files

* Windowing, pan, & zoom functions are good
* Symbol changes can be done automatically




Cost Item

System Acquisition

Initial Training

Personnel Costs

System Maintenance

Annual Training Costs

Table 2-4 TYA's GIS Costs

Amount

$1,300,000 (1985)

$60,000 training courses
$~30,000 labor and travel

$600,000 annual including benefits

$145,000 on-site service on all hardware and
system software

$3,000




Tennessee Yalley Authority

Geographic Information Services

Computer System Manager
Development
Branch C. Smart

1-Programmer/ Analyst

system back-up and archives . . .
1- Systems Analyst Operations Applications
1/2 Technicians
E. McMullen B. Rowland
9 Computer Graphics 3- Project Leaders

Technicians

Figure 2-1




staff is short one graphics technician. This staffing should be rather typical of staffing for
an organization providing services usinga GIS with capabilities similar to TYA 'sGIS. The
low attrition rate which has been experienced over the past five years is an indication that
the staffing and management used by TYA is effective. The only attrition of staff during that
period has involved two graphics technicians seeking career advancements in other fields.
The only atypical part of the staff organization is that the com puter support personnel are in
a separate branch.

2.2 KENTUCKY NATURAL RESOURCES INFORMATION SYSTEM (KNRIS)

The KNRIS operates an ESRI GIS to provide services to other Kentucky governmental
agencies and to coal mining and other industries. As such it functions somewhat as a service
organization, providing databases and graphic products to its clients. The KNRIS has the
capability to process both digital and LANDSAT data, but little LANDSAT data is currently
used. An upgrade of the system is under consideration at this time, but personnel attrition
appears to be a serious hinderance to system operations. The material in the remainder of
this subsection covers system hardware and software, management, system capabilities,
data and data sources, costs and personnel.

2.2.1 HARDWARE AND SOFTWARE

The KNRIS GIS is an ESRI system which was put into operation in 1981. The system
computer isaPrime 750 with 3 MB of virtual memory and 900 MB of disk storage, as well
as tape drives for data storage and archival. The system also includes digitizing and imaging
processing stations. A list of the major hardware components is give in Table 2-5.

Major software packages in the ESRI system software or used with the system are listed in
Table 2-6. These currently operational packages provide capabilities for geographic
analysis and display, satellite image processing, database management functions, statistical
testing, and engineering analysis.

2.2.2 MANAGEMENT
The management situation at the KNRIS can at best be described as chaotic. Departure of key
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Quantity

1
3
2
1
1
1
1
1
1

—_ N 0 Ul = e em

Table 2-5 KNRIS's GIS Hardware (Major components)

ltem
PRIME 750 with 3 MB of memory
300 MB Disk Drives and Controller
800/1600 bpi Tape Drives
300 1pm Line Printer
Talos 8482 (36" x 48") Digitizing Table
DEC PDP 117151 Mirco with Dual Drives
YT 100 CRT
Princeton Graphics 8500 B&W CRT
DeAnza IP 5524 Image Array Processor with
512 x 512 x 8 RAM Refresh Memory and 4 Video
output channels
19" Color Monitor !
Dunn 631 Color Camera
Huston 3-pen Drum Plotter
Diablo Teleprinter
Hazeltine 1510 Alphanumeric Terminals
ADD Regent 60 Alphanumeric Terminals
Televideo 910 Alphanumeric Terminals
Esprit 1l Alphanumeric Terminal




a b N =

Table 2-6 KNRIS GIS Software (Major Packages)

FORTRAN and BASIC compilers for the PRIME 750
ARC and GRID (ESR! geographic analysis package and display)
INFO (database manager)

MINITAB Statistical Package
Yariety of in—house programs for engineering analysis, reclamation feasibility,

sediment pond design, surface and groundwater, and others.




Table 2-7 Summary of GIS Capabilities- KNRIS

Process
Data Entry-

Data Editing
(1. Spatial)

(2. Attribute Data)

Map Generalizations

Spacial Computations/
Manipulations

Observations/ Comments _

* Data entered via digitization (all polygon)

* Topological data structure used by ARC-INFO

* Substantial manual data éntry performed

* Image processor used along with ELAS to handle
LANDSAT data

* Automatic scanner not used

* Yisual editing using health checkers

* Sliver removal (elimination routine) used, some
problems exist

* Island condition or donut polygons are readily handled
by software

* Arc to polygon conversions supported

* Editing of x,y coordinates

* Edgematching routines are very powerful

* Pan and zoom functions fér browsing and windowing

* Query window generation available as post processing
decision

* Multiple graphics file can be viewed

* Boolean attribute data manipulations nhandled by INFQ,
also includes graphics

* Line coordinate thinning in file cleanup mode
* Dropline routine (eliminate and dissolve)

* Edgematching routine works wel'l

* Polygon vertex coordinate thinning (clean)

* Routine calculates centroids for labeling polygons
* Multiple assignments for polygon classifications




personnel has left the KNRIS without a manager twice in the past couple of years. The site
visit did not determine the cause of the personnel atttrition.

The organization nominally consists of an administrative manager, a system manager
(operational manager), a programmer/analyst, a system software and database manager,
and two graphics technicians. However, attrition has left a staff of four, most of which is
very junior. The system has a pool of about 80 users who use either GIS or database
services. Project staff often includes these users.

2.2.3 APPLICATIONS

The KNRIS was organized largely to perform analyses related to coal mining and related land
management concerns. The associated digitization and maping effort created a large database
covering roughly 408 of the state at a resolution of 10 acres. Other projects over the past
year have included development of a hydologic network of surface streams in the state, soil
mapping, new mining suitability analyses, and modelling sanitary landfill locations. A total
of ten projects were performed in the past year. Additional information about the databases
which are on the system are contained in the Phase || addendum to the Comparative Analysis
Databook.

2.2.4 PROCESS/ CAPABILITIES

The ESRI GIS operated as part of the KNRIS is>a full GIS including a mapping system,
thematic or statistical mapping, and an attribute database management system, and
combinations of these functions. The system also has image processing capabilities,
although these are not currently in use. The capabilities of the system for data entry, data
editing, data manipulations, data retrieval and output, scale and projection changes,
overlaying, digital terrain analysis, grid cell analysis, database manipulations, interactive
functions or other capabilities or processes are covered in outline form in Table 2-7.

2.2.5 DATA AND DATA SOURCES
Data used by the KNRIS generally comes either form the existing databases or from data
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digitized specifically for the project. Satellite data has been utilized in the past to create the
initial databases that KNRIS was chartered to develop, but is not used at present. Generally,
attribute data comes from the agency for which the project is performed. Most of the
digitization is done by the KNRIS staff. No estimates of the data acquisition costs were
obtainable.

2.2.6 COSTS .

The ESRI system used by the KNRIS was purchased in 1979. A current ESRI GIS with
comparable capabilities costs about $90,000 for the software license plus the cost of a
minicomputer and accessory GIS equipment. Hardware costs might be estimated at roughly
another $100,000 to $200,000, to produce a total cost estimate of approximately
$300,000. If these estimates are correct, then the annual operating cost of $200,000
reported by the KNRIS seems to follow the general observation that annual costs for a GIS
are approximately equal 1o the acquisition cost.

The funding for the KNRIS comes from the state budget. The demands upon the system- for
quick response and efficiency may not resemble those required for other systems.

2.2.7 PERSONNEL

The staffing situation at the KNRIS at the present time does not represent the desired
situation, as two system managers have departed over the past two years. Normally, the
KNRIS staff has an administrative manager, an operational or systems manager (for image
~processing and hardware) , a programmer analyst, a system software and data manager, and
two graphics technicians. Currently, the KNRIS staff is down to four, who appear to be
graphics technicians who have been trained to perform other functions. The cause of the
attrition was not determined, but may be related both to state pay scales and lack of
challenging work for a motivated individual. Basically, the KNRIS did not turn out to be an
optimum choice for examination in Phase |1,

2.3 BLM, DENVER SERVICE CENTER
Mr. Bob Adair of the BLM, Denver Service Center was interviewed concerning the M0OSS
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geographic information system that all of BLM uses. Mr. Adair was, at the time of the
interview, heavily involved in a validation effort of the next revision of MOSS. This is the
first time that a complete test of all functions will be made before a release to the field. It is
important to note that MOSS is only part of the GIS. MAPS, a raster based set of routines,
COS, a cartographic output system, AMS, a digitizing system, and IDIMS, an image
processing system are also available to the users of the BLM system. MOSS and its
associated parts are public domain. IDIMS is a stand-alone image processing system.

The Denver Service center acts as a clearing house of revisions and updates to the field
offices. Since it is close to the Fish and Wildlife Service at Ft. Collins, CO, it also acts to
coordinate revisions with that organization, another MOSS user. When the resources
required to accomplish a given project are not available at a BLM field/state office, the
Denver Service Center also acts to provide backup resources.

2.3.1 HARDWARE AND SOFTWARE

The BLM MOSS system runs on Data General equipment. This includes the €330 DG
(Eclipse) minicomputer and DG20 microcomputer. Additionally, a HP3000 series 3 is used
for IDIMS. As IDIMS is an image processing system that operates in a nearly stand alone
mode, it will not be further discussed. It is important to note that a version of M0SS does
run on Digital Equipment'é VAX series computer.

There are about twenty terminals in use at the Denver Office, this includes a few IBM PC's
and COMPAC PC's used as terminals. Presently only one shift operations are maintained, but
could be increased if the workload required.

The software for MOSS on the Data General computers is in FORTRAN V. The operating
system is the DG operating system common to the equipment. There is no relational database

associated with MOSS.

Criticism of MOSS is readily available from non-users. While the MOSS community will
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agree that MOSS is in need of updating, there is no indication that the system is incapable of
performing the functions necessary for the projects that BLM does. From a user's
prespective, the sometimes excessively long run time is only a nuisance.

To summarize the advantages of MOSS is to state these facts, ( 1) it works, (2) it is public
domain so that initial costs are low, (3) there is a wide Federal Government community that
can provide assistance in acquisition and training, and (4) there is a wide community of
trained users. To summarize the disadvantages is to cite the failings of the MOSS software.

The M0OSS community has cited the need for an expenditure of $2 milto $7 mil to update the
MOSS associated packages in order to meet their needs. This indicates that the critisms of
outdatedness, inefficiency, and poor documentation have substantial basis in fact. Such a
major overhaul also carries the risks normally associated with software development, those
of cost overruns, late delivery, and proliferation of software errors. Additionally, it seems
from the interviews conducted that MOSS has abnormally long computer run times for most
of its functions. While it is capable of the majority of actions associated with a GIS, its
performance is that of sixteen bit technology, slow, definitely not the performance normally
associated with a minicomputer. Associated with its utilization of outdated technology, it
has no database management system. The present system merely is a partially optimized file
handling capability. The software itself does not follow normally accepted software
engineeering practices; its modules are long; modularization is achieved by subroutine, not
functional block ; it was originally developed in a nonstructured version of Fortran and has
all the characteristics of "spaghetti” code. Software maintenance, even if spread over many
government agencies, will prove labor intensive and costly.

These failings make MOSS the only system investigated in Phase Ii that is beyond a doubt
completely outdated and beyond any usefulness in the BMDSCOM comprehensive site analysis

process.

2.3.2 MANAGEMENT
The Denver Service Center acts as a support organization 1o the state offices. It alsoactsasa
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focal point for MOSS software development. They act as a service organization, but since
BMD will not have a large number of distributed GIS sites, its organization would not seem
appropriate for emulation. One shift operations are run, with the possibility of two shifts if
demanded by the workload. As the equipment appeared to be well utilized, it would not
appear that three shifts are possible. Maintenance contracts are utilized for hardware
maintenance, software maintenance is completed in-house and by Technicolor Government
Services, BLM's support contractor. A large portion of the digitizing needs are contracted
out. This contracting out of the most time consuming and tedious part of GIS work,
digitization, is very cost effective and can be a major cost driver in maintaining a GIS.

2.3.3 APPLICATIONS

The BLM GIS is utilized-in support of its various projects. It has been used for resource
management plans, environmental impact statement preparation, activity plans such as
range plans or forestry use plans, coal leasing, drainage analysis, 0il and gas inventory, and
mineral inventory. Major efforts planned for the Denver Service Center include mineral
inventories and mining claim tracking. The Denver Service Center also is a major center for
software testing.

2.3.4 PROCESS/ CAPABILITIES

The M™MOSS system is capable of handling the functions indicated in Appendix A. It is
important to note that MOSS has limited report generating capability, no relational database,
no network analysis capability, and no engineering/architecture modeling capability. This
would make a MOSS based GIS unusable in the CSAP for the following reasons: ( 1) overlays,
the primary method of exclusionary criteria development, are slow and become
exponentially longer as layers are increased because of the lack of a relational database
management system; (2) there is a report generating routine, however it only outputs
columnar data that would not be much aid in any of the impact analysis documentation; since
there is no generalized report generation routine or module, any report form generation
would have to be written in code; (3) with no network analysis ability, MOSS could not aid
in the optimization of transportation network planning, nor in the analysis‘ of security
requirements, or in the development of constraints on personnel or equipment; (4) with no
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modeling capability, system analysis will not be aided by the GIS. MOSS does, however, have
a viewshed type function called YISTA.

2.3.4  DATA AND DATA SOURCES

Most of the cartographic data used by the Bureau of Land Management is self generated; at
field offices, at the Denver Service Center, or by BLM contract. The USGS tapes are also used
when data needs overlap. Some data is also obtained from the image analysis section at BLM
using the IDIMS system. The initial satellite images are obtained from EROS and the Jet
Propulsion Laboratory. Most attribute data is obtained from maps, not field notes. The
Denver Service Center does not do any field work directly unless the state offices do not have
the resources. Due to its size and complexity, the Denver Service Center is presently
supporting several GIS efforts in Alaska.

2.3.6 COSTS ,

The MOSS software is public domain and is available from BLM or most of its other users for
the price of the magnetic tape or less. Due to its need to be upgraded in order to maintain its
continued usefullness, this initial low cost will be more than offset by upgrade costs, making
any of the commercial packages cheaper in even the short term. The documentation for the
software has improved, but software maintenance will still be a concern. The fact that BLM
has set up the Denver Service Center as a testing center for software indicates that there are
significant maintenance problems. Cost isolation for particular parts of the MOSS system is
difficult due to its evolutionary growth, in software, hardware, and personnel.
Microcomputer based subsystems have been effectively used as software test stations, and as
workstations in a decentralized processing mode. |f large numbers of users are envisioned
for a BMDSCOM GIS, then this tiered set-up, with the minicomputer handling the large
portion of the workload and microcomputers doing simpler, off line problem solving, should
be considered as a option for cost reduction.

Funding for the Denver Service Center's GIS comes from a combination of funds for
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individual projects and general office funding. The state BLM offices spend the majority of
money on data aquisition. The BLM started development and aquisition of MOSS in 1975.

2.3.7 PERSONNEL ‘
The Denver Service Center GIS has approximately ten people working in the applications
area, three in the area of systems operations, and three providing programming and
technical support. This is supplimented by six contract personnel. The training for a new
user consists of a week of instruction followed by six word or case study type problem
solving exercises that reinforce practical application skills in the areas of future work;
environmental impact, range use or something similar. The GIS section has not had any
notable problems in personnel retention, even though the majority of people have been there
less than a year.

2.4 ESLGMIS _
Mr. Charles Nelson, of ESL Inc., a subsidiary of TRW, was interviewed concerning the GMIS
operated for the Air Force's Ballistic Missle Office.(BM0O). Mr. Nelson has been an active
member of the GIS community for about fifteen years. Previous to his employment by ESL,
he worked at the EROS Data Center. In addition to GES/ERIS, the facility also includes an
IDIMS system for image processing.

2.4.1 HARDWARE AND SOFTWARE
The GMIS facility operates in both off-site and on-site mode. There are three workstations
off-site and three on-site. Design capacity has not yet been reached. Communications
between workstations off-site and the HP minicomputers are accomplished over telephone
lines and modems. In addition to the workstations, there are twelve editing terminals. The
GMIS uses the HP 150 microcomputer in both terminal and stand-alone configurations.
Additional equipment includes a variety of plotters that allow graphic output in a wide range
of sizes. It is important to note that version 8.7 of the GES software will be available under
YMS for Digital Equipment's YAX series computer. Present operational workload has forced
the section to maintain both a HP 3000 series minicomputer and its upgraded replacement.
(series 48 and 68 respectively).
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The GES software is a digitizing package that is extremely flexible. It will accept a wide
variety of input devices including the normal digitizing tables with an assortment of pens
and digitizing pucks, and crosshairs on a terminal display. The‘ output routines are equally
flexible, interfacing to a majority of commercial plotters. The six stages of use in digitizing
in GES are (1) initialization, (2) map registration, (3) data entry, (4) data display, (5)
data editing, (6) output plotting. |

The GES uses an interface to the Earth Resource Information System (ERIS), which acts as
the database and détabase manager. Up to twenty overlays can be handled in each geoblock.
The geoblock structure is a sophisticated adaptation of a polygon/cell data structure. Due to
its unique design, the majority of the problems associated with polygon/ cell structures are
avoided. Cell search is optimized through the use of a junction pointer file that narrows the
search to a quick few. An internal coordinate scheme make high resolution data easy to use
and manipulate. However, there are limitations in this design. The GES and ERIS are
stand-alone parts that require interfaces for functions that require both map data and
attribute data. The data of only one geoblock can be referenced at a time. |f in project
design, an error is made in the coverage of a geoblock, the analyst is required to go through a
complicated and time consuming process of matching/copying data into and out of ERIS files
in order to enlarge the area coverage. The GES system can only access one ERIS file at a
time, again making project design unforgiving. It could be argued that a database manager
that allows access to only one file at a time is not a database manager. While the ERIS isa
relational-1ike database system, its table design makes it use pointers or flags to subtract
unwanted information. It is required to mark the data, then save to disk, then recall, in
order to be somewhat timely in the purging of unwanted information. Additionally, ERIS
makes intermediate tables or files called “cases” to store boolean operation results. This is
not an efficient relational design.

GES, in addition to interfacing ERIS, also interfaces part of the USGS general cartographic

transformation package. This allows the use of eight of the twenty available map
projections. The majority of this package is transparent to the user and gives more than
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enough capabilities for all but cartographic research projects. There are also interface/
utilities for transforming the USGS's digital line graph data into GES usable formats.

2.4.2 MANAGEMENT

The GMIS office is run as a service bureau for the Air Force's needs. The Site and
Environmental Group develops a project and then the GMIS office accomplishes the tasks.
The diversity of plotters is necessitated by the need to respond to a wide variety of requests.
As the software is proprietary, it is internally maintained by ESL. Difficult or time
consuming software projects are handled at the Sunnyvale, CA office. Hardware maintenance
is accomplished in-house when possible. Currently, the office is operating about one and a
half shifts, but this varies with the workload.

2.4.3  APPLICATIONS

The present project of the GMIS office is a full US screening of geological information.
There is also an on-going project to digitize all of the air bases in the US down to facility
engineering scale. In the resent past, a mid-level resclution study for mobile launchers was
conducted. The primary purpose of the GMIS is to support the Air Forces' BMO.

2.4.4 PROCESS/ CAPABILITIES

The ESL GMIS has the capability to be extremely beneficial in the application of an exclusion
criteria to aid in the narrowing of land to be considered for a facility or site. It overcomes
most of the problems associated with cell or grid processing through the use of a unique data
structure, called a geoblock. Like most cell based systems, overlay processing will slow at a
rate greatly in excess of the increase of the number of overlays. Ten overlays will take
much more than ten times the time required for one overlay. The site analysis process will
probably not exceed the 1imit of twenty overlays for each geoblock. The use of overlays will
also prove beneficial to the preparation of environmental impact statements. The unique use
of internal coordinates also allows the GMIS to be used for most facility, construction, and
master planning needs at a large number of different scales. However, the use of this system
to aid in the engineering design of road networks, transportation networks, and systems
modeling is questionable. A cell data structure is not usually suited for these functions.
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Polygon Overlaying/
Related Measurements

Grid Cell Analysis

Digital Terrain Modeling

Output

Table 2-7 Continued

* Polygon to grid and grid to polygon conversions

* Scale changes

* Transformation of digitizer inch to UTM coordinate
system

* Distortion removal by least squares routine

* Project changes supported

* Coordinate rotation and translation

* Largest polygon SO0 coordinate pairs

* Acreage calculation good

* Perimeter calculations

* Up to 10 files can be linked via a relational item

* Measurement computations done using arcs and nodes
* Distance measurements in any standard units

* Area measurements in any standard units

* Gridcell over"lay and composite maps

* Area calculation overlays

* Distancg and accessibility determinations
* Optimum corridor selection (GRID)

* 3D views, crossections, any rotation
* Contouring ,
* Watershed Computations (NETWORK)

* 36 " electroststic color mapping

* B&W or color maps from pen plotters

* Tabular output via line printer

* Interactive 512 x 512 x 3 color CRT with zoom feature
* Production of computed data files




Database Management

Interactive Graphics

Table 2-7 Continued

* Creating via digitization, interactive editing

* PRIME 0S and utilities

* User directories set by project manager

* INFO has full search and retrieval

* Edgematching

* Unlimited boolean features and attribute queries

* Easy conversions between grid cell and coordinate
(both directions)

* Windowing, pan and zoom, symbol changes
(ARC-PLOT)

* Editing- rotation, transformation, anlargement,
deletion




2.4.5 DATA AND DATA SOURCES

The cartographic data is a combination of in-house and ‘contractor supplied digitization.
Original maps are from a variety of sources from within the responsible agencies of the
federal government. They have used LANDSAT and thematic mapper data tapes for image
analysis and GIS input. Attribute data is obtained mainly from paper maps and image

analysis.

2.46 COSTS

All questions about cost were refered to Mr. Robert Hall, (408) 738-2888. He has chosen
not to respond in time for inclusion in this report. From the Phase | questionnaire, the
GMIS initially cost about $500,000 in 1982. Annual operating and maintenance costs were
considered proprietary and were not released during the Phase Il interview.

2.4.7 PERSONNEL

There are twenty-three people in the GMIS office, of which fourteen have the job of
operating the system. Training time on the system usually is about a week if training only
and about a month if concurrent with other responsibilities. The training costs are not
isolated. [t is policy to try to send each individual to a GIS conference or related seminar
every year. This aids in'maintaining morale and expertise. The GMIS office has not had any
problems with retention, and in fact appears able to attract and hire experienced people
whenever needed. System maintenance is the only function that requires any early hour
work.

2.5 US GEOLOGICAL SURYEY

Mr Stephen Guptill, National Mapping Division (NMD), was interviewed in reference to his
experiences in the National Mapping Division with various GIS's. USGS operates three of the
four systems that were chosen for Phase Il of the Comparative Analysis of Geographic
Information Systems; Intergraph, MOSS, and ARC-INFO.

EA.Inc. 16 . EER,Inc.




2.5.1 TYPICAL USGS SCENARIOS
A typical scenario for a "GIS job" would be this: LANDSAT data would be analyzed using

IDIMS, an image analysis package with a capable G!S sub-package. Some overlaying and
analysis is performed, if necessary other digital information is transferred over to raster
form and used. A final hardcopy product is made. An alternative scenario would be to digitize
information using the INTERGRAPH system, in their experience the best for digitizing and
creating files. Then the information would be transferred over to ARC-INFO for any
analysis. Depending on the final product desired, the hard copy output would be produced
either using the ARC-INFO system or INTERGRAPH system.

2.5.2 COMMENTS ABOUT SYSTEMS AT USGS

IDIMS is more than just an image processing system. It is raster type, and "quite usable”. It
will be used in the Federal Mineral Lands survey catagorizing mineral potential. It is good
fof all but network type analysis.

MOSS has a large government user community. The reason that USGS has MOSS and its
associated packages is that they must be able to interact with BLM, FWS, and other
government users of MOSS. |t is outdated, outmoded, poorly engineered, costly to maintain,
and many functions still have not been updated o take advantage of 32-bit computers. It is
not very good, and a recent letter protesting FWS continued)pr‘ocurement and support of
MOSS had many valid critical points.

INTERGRAPH has not been used by the USGS for any GiIS work, but rather for digitizing and
as a tool for mapping functions. In this area, it is superior to anything else available. Its
strength is that the Intergraph system is a CAD/CAM system that is very good at mapping.
There are questions concerning its analysis capabilities that have not been resolved by USGS.
The speed associated with the Intergraph system is very good.

USGS experience with ARC-INFO is relatively new. The NMD has completed a major

demonstration of its capabilities as a site analysis tool in Connecticut, overlaying layers of
geological, hydrological, iransportation networks, minerals, etc. as anexercise of the
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system. 1t has many more functions available than MOSS, due to its superior data structure.
The demonstration was digitized and then transferred to ARC~INFO, as digitization is a weak
area for ARC-INFO. '

The trend in GIS data structures is that topological information is best analyzed in an
arc-node manner. ARC-INFO does that. There was, however, a recent demonstration by
Synercom at USGS that was favorably received. Synercom has purchased the rights to
ODDESSY, an orphan arc-node system developed at Harvard University. This means that
ARC-INFO is no longer unique in its use of an arc-node data structure. Most R&D in the GIS
field involves arc-node data structures. Of the systems at USGS, ARC-INFO is the current
leader. Based on the Synercom demonstration, agood bench mark test would be required to
determine which is better, ARC-INFO or Synercom. The database used, INFO, could be more
closely intergrated, and it is not as good as some other, stand-alone DBMS available for
minicomputers. The compatabilities between the YAX and the PRIME versions are not as good
as they could be. There was a slight problem in transferring data over during the
Connecticut demonstration. (USGS runs ARC-INFO on both Vax and Prime minicomputers).
Also there is some concern over the segmenting of software packages by ESRI. The danger is
that in unbundling software for marketing reasons, incompatabilities between software
packages could cause a lack of integration,

2.5.3  DATA AND DATA SOURCES
USGS conducts training on a wide variety of GIS sytems. The section does not operate as a
service bureau, but rather teams with other divisions for specific projects.

DMA passes mapping requirements in the US through USGS. John MclLaurin, a program
manager in Digital Cartography, is the responsible individual to ask specific questions on
digital tape availablity. (1-703-860-6221). Most current effort within the NMD is with
the Census Bureau in the coverage of the US for most mapping data, in digital form at a
1:100,000 scale. The project is due for completion in 1987. Some 30 min by 30 min
blocks will be available this year, '
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ADD
CALCULATE
DEFINE
DIRECTORY
ERASE
EXTERNAL
GET

ITEMS
LIST

MOVE

PURGE

REDEFINE

RELATE

RESELECT

SELECT

Table 2-8
Essential INFO Commands

adds data records to an INFO file

computes the value of an arthmetic expression
and stores that value in an item for the
selected INFO file records

creates a new INFO file and specifies the item
definitions of the new file

lists the set of INFO files in an INFO directory
deletes a selected INFO file

specifies, changes, or cancels existing
pathnames for external INFO files

loads data from a disk file into an INFO file
lists the item file definitions of an INFO file
lists the records in an INFO file

replaces the contents of an item with a source
item or value. It is often used for adding and
modifying character data

deletes currently selected records from an INFO
file

allows item definitions to be redefined using
existing item definitions. Redefined items are
added, existing item definitions are not
changed.

establishes a relationship between records in
two INFO files using values for an item found in
both files. A record from one INFO file is
related to a record from another file which has
the same value for the common item. Up to ten
INFO files can be related together at one time.
selects a subset of records from an INFO file
which meets a user-specified set of conditions.
The conditions are specified using logical and
arithmetic expressions.

selects an INFO data file for further use.




Table 2-9
ARC Commands from ARC User's Manual Jan 85

convert coverage to DLG file
convert coverage to P10S format

run ARC as batch job

generate buffer around features
split and clean arcs; create

clip features by overlay

list coverage features present

list number of coverage features

create polygon labels

remove selected tics

digitize new coverage

drop selected polygon boundaries
convert DLG Standard Format file

Command Description
ADDITEM add INFO item
APPEND merge coverages
ARC start ARC
ARCDLG
ARCIDC
ARCLABEL add arc labels
ARCPLOT start arcplot
BATCH
BUFFER
BUILD create topology
CLEAN

by overlay
CLIP
COMMANDS list ARC commands
CONTENTS
COPY Copy coverage
coverages
COPYINFO copy INFO file
COUNT
CREATE create coverage
CREATELABELS
DELETETIC
DIGITIZE
DISSOLYE
DLG3ARC

{o coverage
DLGARC

convert DLG Optional Format file
1o coverage

Command
GENERATE
GRIDPLOY

HELP
IDCARC

. IDEDIT

IDENTITY
INFO
INTERSECT
JOINITEM
KILL
LABELERRORS
LABELMAP
LINEGRID

LOG

MAPJOIN
MNODE

POINTGRID

POLYGRID

PROJECT

QUIT

REBOX
RENAME

Description
create new coverage features

‘ convert data in grid format to

coverage
list help for ARC commands
convert P10OS file to coverage
update feature User-1Ds

add coverage features topology
start INFO

intersect features by overlay
merge INFO files

delete coverage

list polygon label errors

plot coverage with labels
convert coverage arcs to grid
format

list commands used on

merge adjacent coverages
match nodes and weed
coordinates

convert coverage points to grid
format

convert coverage polygons to
grid

change coverage projection
exit ARC

redefine coverage BND
rename coverage




Table 2-9 Continued

Command Description Command
DROPITEM drop INFO item RESELECT
DROPLINE plot polygons with selected

boundaries dropped SNAPCOYER
EDGEMATCH match edges between adjacent

coverages SPLIT
EDIT edit/digitize an existing coverage
EDITPLOT plot coverage with diagnostics SYMBOLMAP
ELIMINATE delete selected polygons
ERASE delete part of coverage TOLERANCE
tolerance
EXTERNAL

coordinates

EXTERNALALL externalize all INFO files in

workspace

UPDATE

externalize coverage INFO files  TRANSFORM

TRAYERSE
UNION

Description

~select subset of coverage

features

match and adjust coverage
features

split coverage into many
coverages

plot coverage with special
symbels

define or list coverage

transform coverage

enter surveyed traverses
combine by overlay

cut-and-paste polygon features




3.0 COMPARISON OF PHASE Il GIS SYSTEMS
During the Phase Il investigation certain similarities and contrasts between the different
61S were made. These are summarized in this section.

3.1 HARDWARE AND SOFTWARE

Sites were visited that ran minicomputers representative of the following hardware
vendors: Hewlett Packard, Data General, Prime, and Digital Equipment. It is apparent that
no one machine has any marked advantages over another. All seem acceptable. The
experience of both TVA and ESL suggests the sometimes not so obvious, that is, the greater
the capacity of the machine, the greater the ease of GIS applications. Both have experienced
upgrades in the recent past, TYA toa YAX 11/785 and ESL to a HP3000 series 68.

The following is a suggested base of hardware for a functional GIS:

a mincomputer with as much memory as budgeting will allow
disc drive units "
streaming tape units

a backlit digitizing board

pen plotters

high resolution graphics terminals

electrostatic plotter

printers

dumb terminals for alpha-numeric editing

some image processing system

All sites visited had some vendor specific combination of the above. Calcomp, Yersatec, and
Tektronics were common names for vendors, but any comparable source should be

acceptable.

Software comparisons are the basis of choice for our recommendations and are covered in
section 5. ’
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3.2 MANAGEMENT

Based upon the site interviews, it is readily apparent that all of the GIS systems function as
service organizations. They serve either other entities within their parent organization, or
other agencies, or.both internal and external clients. The major differences which influence
management involve the volume of work performed on the system, the mechanism by which
funding occurs, and the staff organization.

All of the systems appear to have several characteristics in common. One is that all have
heavy workloads. Yet, it appears in the case of the KNRIS, that that system has gone through
some change in its basic mission which influenced personnel professional satisfaction. Part
of this may be that the work of the KNRIS changed to a database management function and not
an analysis function. For whatever reason, although the personvnel titles are similar within
different organizations, the organizational and functional roles of the personnel differ
substantially. While TVYA and the KNRIS have basically similar job classifications, one,
KNRIS, has a very narrow vertical organizational structure. Graphics technicians report to
an operational system manager who in turn reports to an administrative system manager.
The operations manager also has systems maintenance responsibilities, and perhaps even
programming duties. In this system, (KNRIS), it was difficult to determine who if anyone
was responsible for applications. In contrast, the TYA Geogr@phica] Information Services
staff has several applications personnel who are responsible not only for analysis and
development of applications tools, but who are responsible for marketing services to other
TVA departments or other governmental agencies. Also, the TVA staff organization is more
horizontal, with the staff divided distinctly into operational and applications groups. This
distinct division of labor functions better than the other organizational arrangements noted.
Finally, the mechanism for funding may also relate to the successful management of a GIS. A
staff which operates as if it were a private service organization may also work better. Staff
managers called upon to sell their section's services in order to maintain the workload of a
GIS are likely to be more motivated and more creative than a staff funded via state
appropriations. They are also more likely to be happy with their jobs if challenged by
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interesting and demanding problems. Optimally, a GIS staff is organized in two parts,
operations and applications. The partof the staff devoted to software maintenance does not
have to be within the same management group, but could be.

One significant management decision involves the digitization of data. If an organization is
involved in the initial development of a database, it may prove cost effective to subcontract
digitization services. The BLM ‘Denver Service Center has used this approach effectively.
Since BMD may initially need to prepare large databases for designated candidate regions
involving large geographic areas, use of a service contract for digitizing could prove useful
in the initial database creation problems, aiding in both cost effectiveness and personnel
workload.

Another critical management decision revolves around maximizing use of an expensive GIS
so that the relative cost of a system is lowered by amortizing the costs over more projects .
TYA runs two shifts and other GIS systems interviewed do the same on occassion.

3.3 APPLICATIONS

All of the systems examined in the Phase |l site visits perform a broad range of GIS
functions. All have capabilities and have been applied or could be applied to environmental
analysis including environmental impact studies. All have been applied 10 land suitability
and siting analysis in some manner. However, in one area especially important to the CSAP
process, the GIS applications vary significantly among the different systems. This area
involves engineering modeling applications. The MOSS system utilized by BLM is applied
primarily to land management and natural resource managément applications. Although it
has been aplied to some problems associated with siting such as viewshed analysis and
hydrologic modeling, the BLM MOSS system can not be applied to a variety of problems
including network analysis, transportation analysis and other areas of application needed for
system analysis. '

The ESL GMIS system is different from the other systems in that it has been applied to uses
similar to the BMD C3AP. It is used primarily for support of the Air Force Ballistic Missile
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Office. It has been applied to air base facility engineering applications. The construction of
the GMIS does not allow it to be readily adapted to network analysis, and systems modeling.
Studies for the mobile missile system utilized IDIMS, not GMIS. Applications involving
overlays can be rather slow. The major area of application in which the GMIS may have
some advantages over other systems is environmental impact analysis. The area of
environmental impact analysis has traditionally been performed using cell or polygon
structures. The geobased adaptation of the polygon structure appears to be superior to that
of other systems, notably MOSS.

The remaining GIS systems, TYA's Intergraph system and the ESRI system used by the KNRIS
generally have been applied to similar sets of tasks. Although the capabilities of these
systems allow a wide range of applications, there are notable differences. The Intergraph
packages needed for specialized applications are more difficult to integrate into the GIS
system. Of these two systems, the Intergraph GIS has an obvious lead in performance in the
area of design graphics and mapping. The CAD/DAM capabilities of the Intergraph system
make it more suitable for engineering design and systems modelling. Finally, there are
some applications for which the ESRI system out performs the Intergraph system. These are
applications which involve extensive overlaying, in which the arc-node data handling format
of the ESRI system currently gives it advantages in speed.

G!S and other software packages operated by TYA have been applied to environmental
analysis, resource and land management, siting analysis, and engineering and architectural
applications at the facility level or lower. One of the few applications not available is
analysis capability for the analysis of existing networks, such as road systems. However, it
has been applied to analysis of design of a new networks and to corridor analysis. The main
difference between the Intergraph and ESRI systems is that much of the analysis applications
used by TYA involve software from third-party vendors or packages from TYA's earlier grid
based system. ESRI appears to have moved software packages into its GIS package, perhaps
allowing more applications without further additions. However, this software bundling may
inhibit software intergration.
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3.4 PERSONNEL

It is more appropriate to provide some generalizations about GIS personnel than to contrast
the different site findings because the personnel types needed are the same. The types of
personnel typically included on all GIS staffs include a GIS rhanager, operations managers,
applications or project managers, applications specialists, software specialists, and
graphics technichians. In addition, GIS systems utilizing LANDSAT or other image based data
would be expected to have image processing specialists on its staff. '

The size of the GIS appears to relate directly to the workload. For example, the TYA
operating with a staff of seventeen performed four times the number of projects that the
KNRIS performed with a four to five person staff. Since database creation requires a great
deal of digitization, the number of personnel required for the database building function is
likely to be larger than in other operations . For this reason, it may be wise to contract out
much of the early digitization. For updating' or unique projects, even a mature GIS
operation which has databases has a significant need for graphics technicians. An example
is the TYA operation in which half of the personnel are graphics technicians.

Finally, since GIS systems are proliferating, the average experience of most staffs is éhort,
as was reported for the BLM Service Center. The TVA staff retention, especially its more
experienced personnel, may be atypical. Often experienced GIS system staff are hired away
to staff another system.
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4.0 ANALYSIS OF ATTRIBUTES IN RELATION TO THE COMPRHEHENSIYE SITE ANALYSIS
PROCESS

A baseline BMDSCOM GIS will be discused in relation to the tasks of the CSAP, followed by a
discusion of specific recomendations for a baseline GIS. ‘

4.1 COMPREHENSIVE SITE ANALYSIS PROCESS

The best geographic information system for BMDSCOM would be one that could accomplish
all geographically related functions that could be possible during the site analysis process
and still be flexible enough to meet any presently unforeseen needs. The following is an
outline of the analysis areas and how a geographic information system could be used in this
Comprehensive Site Analysis Process.

The CSAP consists of four major parts, (1) the proposed action identification, (2) the
impact analysis, (3) site planning, and (4) execution. This is followed by a post Full Scale
Development period. Each of these parts will be discused in terms of either a major use of
GIS technology or a limited use of GIS technology.

4.1.1 PROPOSED ACTION IDENTIFICATION

The purpose of this phase is to identify all necessary actions to ensure a timely, cost
efficient development of a site. There will be a limited use of the GIS during this phase. The
uses possible are mainly in the graphics and information maﬁagement fields. A relational
database that is part of a GIS could be used at this time as a stand-alone database manager in
order to assist information processing and control. This would also give a early start in the
database development for future GIS applications. Most well developed GIS's also have a
substaintial graphics production and output module. This might be useful in the production
of graphics for briefings or other presentations. It would, however, be difficult to justify
the cost of a GIS for theses needs alone. Due to its outstanding graphics capabilities, of the
four systems reviewed in Phase Il, the Intergraph system with a third party database, would
be the clear leader for the Proposed Action Identification Step.

EA,Inc. 24 EER,Inc.




4.1.2 IMPACT ANALYSIS

Impact Analysis has five major parts, (1) siting impact and validation, (2) costs functions
and life cycle costs, (3) operational impacts, (4) logistics, and (S5) impact analysis
documentation. GIS technology will have a major impact on siting and documentation, and a
limited impact on the remainder. |

Siting impact, with its use of overlays, determinations of exclusion zones, and investigations
of desirable criteria, will be a major driver in the needs for a GIS. In order to be effective,
the GIS must be capable of quickly overlaying different exclusion criteria, and rapidly
responding to changes in those criteria. For this type of GIS work, the ARC-INFO system is
uniquely suited. An intergral part of the system is a relational database, INFO. This means
that criteria can be quickly and effectively tested and if neccessary changed. A relational
database alsc means that the data used for producing overlaYS and exclusionary zones is
quickly merged and accessed. Additionally, the arc-node data structure means that multiple
overlays are computationally fast. This data structure is the same structure of most
digitizing software, making the use of various data files from other government agencies
easy to interpret. This structure has also been adapted to network analysis, allowing the use
of the GIS to aid in the optimal determination of transportation systems or other analytical
routines. Being a topological structure, information traditional expressed in map form is
easy to manipulate and analize. Of the four GIS systems examined in Phase I, ARC-INFO is
the best for siting impact analysis.

Closely related to siting impact is the validation of the site with the BMD system parts
situated in specific locations. For this effort, either the Intergraph or ARC-INFO would be
suitable. Intergraph would be usable because of its outstanding graphics capabilities. TYA
has used many engineering/ architecture routines from third parties on the Intergraph
system that would greatly aid the validation process. ESR! also markets a COGO package of
similar routines that is well integrated with ARC-INFO and performs in a similar manner.
In order to manage the mass of information inherent in the validation process, a relational
database is needed, this could be INFO or another third party product.
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The GIS would have a more limited use in the area of cost functions and lifecycle costing. GIS
technology has matured to the point that it can be used for various optimization studies. The
simplest to relate directly to cost being the generation of a cost surface based on geological
and land use characteristics, with the GIS finding the least cost route between two given
points. This type of analysis is possible with ARC-INFO. Buffering around a route with the
buffered distance being determined by some criteria is possible with all four of the systems
investigated. Other types of corridor analysis are available and can be indirectly linked to
cost. The other use of GIS for cost studies would be in the production of feeder reports. The
report generating package of ARC-INFO would prove beneficial here.

Operational impact would be effected by the GIS in only a limited manner. The primary
benefit of a spétially based system would be to allow the simulation of the placement of the
BMD system components in a cost effective manner. [t would be a relatively low cost
operation to simulate and test parts as opposed to actually placing components on the ground.
The viewshed analysis is an example of this type of systems engineering simulation. Either
Intergraph or ARC-INFO would be usable for this type of use.

Logistics would be impacted in a limited manner from the standpoint that the GIS would be an
effective communications tool. The use of maps and charts improves communications,
especially when that communication is between agencies and not individuals. The output of a
GIS would have Value in the express of ideas neccessary for the implementation of effective
logistic support. Due to its fine graphics capablities, the Intergraph system would be the
logical leader in this area.

The area of impact documentation will be greatly effected by the choice of a GIS. There will
be a major need for the production of maps, graphs and charts for all major documents.
These documents could include: (1) impact analysis reports, (2) siting analysis reports,
(3) site validation reports, (4) operational impact studies, (5) logistics reports, and (6)
cost studies. |In addition to the production of graphics, with a good relational database, the
GIS can serve as a major organizing center for all data and information. Also a report
generator from the GIS can provide significant inputs tothe final documents. For these
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reasons, ARC-INFO is the preferred system studied.

4.1.3 SITE PLANNING

The site planning portion of the CSAP can be described in terms of its output documentation.
This includes: (1) environmental documentation, (2) installation and test plans, (3)
facilities and building plans, (4) baseline schedule documents, and (5) site activation plans.
GIS technology can have-a major impact on the cost effective production of environmental
impact analysis and plans and on the planning for facilities and buildings.

The need for environmental planning has been a major driver in GIS technology for the past
decade. This long association makes the use of a GIS for the preparation of environmental
impact statements and plans a logical use. Our Phase | survey indicated that most GIS in use
do some kind of environmental or land use analysis. Any of the four systems surveyed for
Phase |l would be usable in this area. The speed of the Intergraph and ARC-INFO systems
would make one of these two systems a logical choice.

Engineering and architectural routines intergrated into the GIS have the possibility of
making the GIS chosen of major importance in the preparation of facility and building plans.
The interfaces to these sort of routines exists for both Intergraph and ARC-INFO.
Intergraph, due to its evolution from a CAD/CAM system, would most probably be the
strongest candidate for facility planning.

4.1.4 EXECUTION

Most of the tasks in the execution area can be supported by a GIS. The major impact would be
in the areas of environmental assessments and master planning. These tasks all provide
input into the Milestone Il review. The need for logical analysis and good communications
makes the cartographic output of a GIS a natural aid to any briefing or discussion. Those
portions of site validation studies that ’are feeders into the neccessary DOD and DA reviews
are also the natural products of a GIS. The primary role of a GIS would be in the support of
analytical studies needed for various reports.
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4,15  POST FULL SCALE DEVELOPMENT

Several tasks that are part of the functions neccessary during the post full scale
development period can utilize the support provided by a GIS. Most of these tasks can be
support by the outputs of the GIS as an aid to effective communication. Intergovernmental
and interagency coordination of efforts is an area where good communication must exist and
can be aided by a GIS. Community impact assistance is a natural outgrowth of the economic
impact studies done previously. In addition, the databases formed during previous tasks
would be of immeasurable benefit to community planners and land use supervisors. The
major task of the post FSD period would be that of site activation. The information gathered
as the results of the different studies performed in the past would be accessable, organized,
and easily used by the in-place GIS. Cost advantages of information organization alone would
justify a GIS capablity.

4.2 HARDWARE AND SOFTWARE

At the current time, GIS systems run predominately on minicomputers with only a small
number of systems implemented on mainframe or large microcomputers. The
minicomputers in use include Prime, YAX, Data General, and HP systems. If there is a
trend worth noting, it is that there is a move toward YAX and Prime minicomputers and
away from Data General and HP. The Prime is popular for GIS systems because ESRI intially
used the Prime for its GIS systems. The YAX is a leading choice because of its speed. Also,
Intergraph has developed graphics processors for the YAX minicomputer. ESRI GIS software
is implemented on several minicomputers while Intergraph systems are implemented on the
YAX. ESL has used Hewlett Packard minicomputers, and MOSS is run primarily on Data
General minicomputers. The cost and power of the YAX make it a logical consideration for a
BMDSCOM GIS.

The software available in the different GIS packages each has its own set of advantages and
disadvantages . These advantages and disadvantages are the principal drivers for selection of
one system over another. The individual stong points have already been discussed for each
system in section 2. Recommendations and rationale will be presented in section 5.
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4.3 DATABASE ACQUISITION

During the CSAP, a considerable amount of data and information will need to be gatherred and
generated. 1t has been determined that this data will be organized into five project-specific
information subsystems, (1) a bibliographic database, (2) an automatic data processing
subsystem, (3) geo-based information subsystem, (4) management information, and (5)
word processing. This will include both digital and non-digital storage mediums. The
following section will address the sources of digital data that can be used in the construction
of the geo-based database. ’

Data will be managed in two categories, environmental resource data and engineering design
data. Environmental resource data includes: ( 1) socioeconomic resource data, (2) physical
resource data, (3) biological resource data, and (4) cultural resource data. Engineering
design data includes ( 1) geology and soil data, (2) water data, (3) topography, (4) climate,
(5) ecology, and (6) man-made structures. All of these catagories can be expressed in
digital form.

Socio-economic data can be obtained from the Bureau of the Census. The USGS is involved
with the Bureau of the Census in the production of usable digital cartography for census and
related statistical data collection. This effort has as its goal the production of digital
coverage of the US at the scale of 1:100,000. Completion is due in 1987. An additional
source of data that might or might not be digital would be the land-grant universities in
particular areas of interest.

Physical resource or land use data is available form many sources. The BLM maintains alot
of digital information for use in range management or land use planning at the various state
offices. All of the GIS systems reviewed in Phase [l can utilize the MOSS formats presently
used by BLM. The BLM is also involved in a mineral survey of the US that would supply a
large portion of the necessary geological data needed. Various state agencies also maintain
databases on land use. The Kentucky Natural Resource Information System visited in Phase
I1 would be a good example.
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Biological resource data would greatly overlap the ecological data catagory. The Fish and
Wildlife Service would be a potential source of current biological data and ecological
expertise. As they use MOSS, their data should be readily transportable. The state offices of
the BLM would also be a source of information regarding the range of various wildlife

species.

Cultural databases maintained in the various states would be a potential source of digitized
data. As this could be both textual and spatial in a variety of formats, the ease of use or
transportability is impossible to predict. Gathering of this type of data would best come
after the site selection process has narrowed the geographical area of consideration
considerably. Several state GIS investigated during Phase | are examples of the types of
databases available. '

Geological and soil data can be obtained from the Soil Conservation Service and the USGS. As
USGS serves to establish many of the standardized formats for spatial data, all of the systems
investigated during Phase 1l can use USGS data. The handbook, "Guide to Obtaining USGS
Information” was included as part of the Phase |l databook. The USGS can be a useful source
of digital and non-digital data in the areas of hydrology and topology also.

Climate data is maintained by the NOAA at the National Climatic Data Center, Asheville,
North Carolina, 28801. This is also a source of satellite image data. The majority of
climatic data available appears to be in non-digital media.

Man-made structure data can be linked to its geographic lecation through a GIS. This would
require the digitizing of the information by the operators of the GIS.

The GIS database would be built in two ways, ( 1) collecting and cataloging presently utilized
digital data from other agencies, and (2) digitizing of data by the GIS operators. A cost
effective method of obtaining that digitization used by three of the four Phase 1i GIS's, was to
contract out this tedious work. TVYA does not contract out this digitization in order to
maintain high data standards. Regardless of the method used to obtain data, some editing for
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the specific task at hand will be necessary, and the capacity for internal digitizing and
editing must be present in the G6IS. The acquisition of data can become a major cost driver in

the maintenance of a G!S.

Output considered for the information subsystems includes: (1) text, (2) tabular, (3)
cartographic, (4) graphic/ thematic. The 6IS can support these forms of output prima’rﬂy
in the last three catagories. Due to its report generating module and relational database,
ARC- INFO is the logical best choice for this area.

4.4 MANAGEMENT

The management of a GIS appears to be influenced most by two facts. First, is that GIS
system costs (capital startup) are not trivial. The second is that costs can be minimized
chiefly by keepinga 61S running as much as possible. The best way to do this is to operate 8
G!S as a service organization. Thus, a principal driver becomes responsiveness to user or
client needs. In examining the GIS operations in Phase 1, it appears that an organization
similar to that used by TVYA (Figure 2-1) is well matched to G!S management. This is due to
the separation of operational and application functions in a manner which clearly defines a
workable division of labor. It is reasonable for BMD to manage a G1S much like TVA does, as
it would essentially be servicing other BMD entities during the CSAP.

Another aspect of consideration is the personnel job descriptions and responsibilities.
Again, the TYAGIS could serve as a suitable model.
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5.0 RECOMMENDATIONS

Based on the five Phase 11 interviews and the discusion of the attributes of a GIS applicable to
the CSAP, two sets of recommendations are made. The first recommendation is to acquire
ARC-INFO as the basis of a BMDSCOM GIS. The second, applicable only if acquisition of a GIS
is delayed for over two years, is to conduct a benchmark test'among the technology leaders in
G!S, ESRI, Intergraph, and Synercom.

5.1 IMMEDIATE ACQUISITION

Rationale for an immediate acquisition of a specific GIS is possible because of the current
state of the GIS community. The public domain version of a GIS, MOSS, has been clearly
surpassed in functions and capabilities by all commercial products. Conflicting data
structures that in some cases limit usability, are represented by the remaining possible
systems. The data structure that allows the best implementation of a GIS is only offered by
one vendor in a proven, tested design. This allows a superior choice that also happens to be a
cost effective choice.

S5.1.1 RECOMMENDATIONS

ARC-INFO is the best system for immediate acquisition for the following reasons. First, it
has a better data structure that permits faster and more varied computations. Second,
ARC-INFO runs and has been extensively tested by third parties on the YAX, Prime, and Data
General minicomputer hardware. Third, its use of standard software engineering techniques
and a common, standard language, FORTRAN 77, expedites interfacing with other software
routines and file formats. Fourth, it uses a relational database that is
state-of-the-practice. Fifth, ARC-INFO has the capacity to permit engineering modelling
and network design. Sixth, it uses standard USGS formats for all data transfers.

The data structure is based on an arc-node concept. This is the natural method of expressing

a topology. It is the form that is used for every major digitizing scheme, and it is the form
used for the USGS digital line graphs. Due to this form, ARC-INFO is much faster in
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overlaying various layers than either the geoblock system of ESL or the graphics based
structure of the Intergraph GIS. This data structure of arc-nodes will be the form of all
major systems in the future. Synercom's Odessey based system is of this design and
Intergraph is rumored to be working on a topological system that is also arc-node based.
Presently, ARC-INFO is the only arc-node system that would not mean taking the risk of
being a test site. ‘

ARC-INFO has been quickly adapted to all major minicomputers because of its text book use
of software engineering techniques. There is no dévelopment risk involved with ARC-INFO
because of its large, world-wide installed base. The use of standard practices and a standard
language means that ARC-INFO will be as easy as any software package to maintain and
interface. The use of a stand-alone database manager also means that interfacing can be
accomplished on several levels.

The use of the relational database, INFO, also ensures that the advantage of speed available
through optimized boolean operations is available tothe GIS. This speed advantage also
extends to the merging of attribute data when overlays are made. Being a stand alone
product, the influences of the highly competative database market ensures that it will be
improved and maintained at a state-of-the-practice level. It is superior to the ESL database
and at least as capable as the DMRS used by Intergraph.

While ARC-INFQ's COGO package is probably not as mature a CAD package as available on
Intergraph, it is sufficiently capable for the facility and civil engineering functions
invisioned for the CSAP. The network package is unique and definitely an asset for potential
facility and system siting. '

To summarize, ARC-INFO has the capabilities needed for the CSAP. Intergraph is the closest
competition due to its superior graphics and CAD packages. The cost of these comparable GIS
systems is about $250,000 for an ARC-INFO system and $1 mil for an Intergraph system,
making the ARC-INFQ system a superior choice in cost effectiveness.
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5.1.2 PROCUREMENT COMMENTS

It should be noted that a number of other government agencies have recent relevant 6IS
procurement experience. During conversations with Mr. Bruce Rowland at TYA, he indicated
that TYA would upon request provide a copy of the procurement documents used in its recent
system upgrade. Additionally, he stated the TVA could also point out how their procurement
document could have been even better. Several other government personnel were identified
in Phase | that could provide similar assistance.

S.1.3 STAFFING RECOMMENDATIONS

Based on the observations made as part of Phase Il, it is possible to make some general
suggestions or recommendations about staffinga BMD GIS. The staff personnel should fit one
of the job titles Tisted below:

GIS system manager

Manager of the operational staff
Manager of GIS applications staff
Computer operators/ analysts
Applications specialists
Computer programmers
Graphics technicians

The staff could be organized similar to the TYA organization presented in subsection 2.1.2
(Figure 2-1).

Regardiess of the organizational structure selected by BMD for GIS operation, someone with
prior GIS operational experience should be recruited . There are many people who are
experienced on GIS and could be the GIS System Manager. Experience as a manager on one
GlS is equally applicable to another.

Applications staffing would best be done by using individuals familiar with weapons systems
siting, individuals with land use planning or environmental analysis experience, and
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experienced systems modeling person to fill the applications staff positions. The indiviuals
filling these positions should be computer literate and have enough background to work with
programmers in designing specialized software or software interfaces.

The operations staff should include a programmer/computer analyst with experience on the
minicomputer used for the system. Additional programmers should have some graphics
background and preferrably FORTRAN 77 experience. Staff size can be minimized by
utilizing programmers from outside the GIS staff during peak programming loads. Finally,
graphics technicians can be trained quickly. At times when digitization loads are heavy,
such as during initial database creation, the digitization load can be handled satisfactorily
either by contracting out to private organizations or perhaps by utilizing part time labor. A
large portion of the GIS staff should be expected {6 be graphics technicians, if databases will
be constantly expanded in number or size.

5.2 DELAYED ACQUISITION

If acquisition is delayéd for over two years, the present advantage enjoyed by ARC-INFO and
its vendor, ESRI, will most probably not be the same. Certain considerations and future
trends need to be recognized if procurement of a GIS is delayed.

5.2.1 FUTURE TRENDS

The first trend o recognized is that all of the three industry leaders are committed to future
improvements and enhancements. Additional capabilities and functions can be expected in
terms of functions and performance. Second, the data structure superiority of arc-node
forms has been identified by others, Synercom already having adopted it in a not as yet
widely used system and others rumored to be working on similar products.” This suggests
that the trend discovered in Phase | is still applicable, that the GIS community is rapidly
changing and constantly improving. Third, Intergraph has superior graphics capability and
can be expected to have the resources to finance research and development in its weaker
areas, improving its relative stand. 1t can also be expected that Intergraph will retain its
traditionally high price. Fourth, Synercom's recent sucessful demonstration at USGS means
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that their product should be considered in any future benchmark testing. Due to its lack of
installed base, it would not be prudent for BMDSCOM to accept the risks of using Synercom’s
software.

5.2.2 BENCHMARK TESTING

Therefore, it is logical to suggest that the recommendation of acquiring ARC-INFO be
tempered if the time for acquisition is delayed for a significant amount of time. If such a
delay occurs, a benchmark test would be appropriate. Due to the unique blend of attributes
needed, such a benchmark should consist of a sample CSAP case study with appropriate
measures of performance obtained for each function and appropriate weights for various
characteristics assigned. The main areas of GIS application for CSAP, site selection, land
use, environmental impact, and system modelling, should be adequately exercised in a
benchmark including several major systems. A comparison of operational characteristics
and performance should be made as part of a delayed procurement.
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Questions for Phase 2 interview, date of interview 14 June 1985
GENERAL

1. Name of GIS- 744 &/&

2. Name of respondent- &ruce Kawisnd

3. Phone- (&/5) 832-8450

MANAGEMENT

How does your organization manage your GIS ? see capy of &tisched chart
Do you operate mainly as a service bureau for the rest of your organization
or is your GIS administered in another manner ? ges

wWho maintains your system’s software 7 can/irméetian 1s doneg inl&rnsliy
WIith same help 1ram INTERGRAFH, athar waork z‘ﬁm"@ﬁ ihe users grain

Do you utilize a hardware maintenance agreement ? am-s7te Lhorawere

LErsan rram the vendar

APPLICATIONS

What are some of the major projects where you have utilized your GIS 7
Very brasd, 43 prajects in 198+, ragionsl ta & 1ew Hindred 8crés
MARlicetions ncligea raservair plens, site Screaning, Inadrvigusl site
INVentory, Qupsy math inventory, 16rest {(hiamess) 6n67Ysis.

What major projects do you have planned for your GIS ? or Where are you
going from here ? mare gelsiled 16730 mensgement 1ram Jisirict s, mare
LAD tunctions, srchrleciure 6na Gigiisl 1errein inadeling

How would you classify your GIS ? (as a engineering mapping system, a
parcel information system, thematic or statistical mapping system, image
processing system, combinations ?) &/7 excent 617 imoge procassing, Which
is aveiletie from third perties like ERDAS or 8 |
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PROCESS

How does your system handle the following techniques of spatially located
geographical data ?

1. cell encoding- #a CERECTLY. Ry 65 palgan

2. topological coding- #at supraried by INTERGRAFH

3. manual digitizing- ges |

4. automatic entry device (like from Landsat)- dan? use, tul possitie

S. automated scanner- s

How does your system handle the following processing or editing steps ?
1. plotting for visual editing- plais/averisys &t mep sc6l8, com edil
Inlersciively using Heslth checkers |

2. topological checking of data~ »al using resier 08is an INTERGRAFH, the
INTERGKAFH peckage HEs vary gaad chacking sarlwere |

3. splinter removal= &/7ver remavel, usslly & rmction ar gsle éntry, nat
GIIaYWEq, Gane praceguraly; guring averiay, 1gnoare thase helayw: en excluded
sizea

4. donut polygons- 78/6nd canditian, Gees carrectly hendie sres
celculelions, halh & yes end na snswer |

5. conversions of arcs to polygon- y&s

6. editing of X,Y coordinates- &8s xuo

7. edge matching analysis- N7ERGRAFH dags heve & routine, not very
saniisticeled

A TTRIGUTE gela- very Sapislicaled entry CHecking

How does your system handle the following manipulation techniques 7 &//
cEn Lig dane Interectivelly

1. browsing= pe/n &nd 2aain TUnctions 1or brayw'sing end windawing
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2. windowing ,

3. query window generation- yes, very flexitie

4. multiple map sheet query- yes. very poyweriul (reletes la grephicsl dele
hese)- con view current 1ile end three reference riles, Jeter sortwere cen
hendie 322 flester dete- ey ane ar ayver 1900 m‘es CEn he Lraught upe in

pert ar in lais?

5. boolean attribute retrievel and statistical summary- very goad, &/sa
haalesn greéphics o

How does your system handle the following map generalizations ?

1. line coordinate thinning Jar siresm mage Gigitizing. commerciel

proguct eysiishie from McAR in Denver

2. drop line- yes ._

3. edgematching- essantielly hondied guring eariing, the INTERGRAFH edgs
mELHCHInG rautineg 1s nal res! gaad

4. thinning polugon vertex coordinates- mat NTERGRAFH, MRS

How does your system accomplish

1. calculation of centriods- ge/ines centriod of rénge Lo, uses 7t le Jebel

palygen

2. automatic contouring- yes. pert ar D771 very gead, 16si, sccursle, Jerge
valumes

3. proximal mappin g~ Lreximity enelysis, yes, polygon insices/ auisicde/

Lats

4. reclassification of polygons-

S. conversion of X,Y coordinates location data to a regular and uniform grid
Warks Loth weys, 18 prajections, pelygen ta grid - vses center dal,

shsence/ presence, pregictive lype
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Does your system accomplish the following manipulations ? &7 ingut
wsing arrrerént sce/es

1. scale change~ y&as, anly limitetion is platter size

2. distortion removal by rubbersheeting or linear transformation- ges,
eleslic Lagl,.  §mEll engle /665t sqiisres

3. projection changes- &7 canver? &/7 15

4. coordinate rotation and translation- gas

What are the limits of polygon overlaying and dissolving for your system 7
address overlays for area calculations and statistical analysis- &cresge 7s
very fasf_. GaES pErTineler, hendles 1876108, slelistics’ aﬂa{asf.é s Jimitad
1) relsted ta limils ar sysiem, lergest palygon is shout 15000 caordinsle
LEITS, 78rgest mep 1ile F2000 blacks (512 byles/block)

) ne precticsl? Himit rar 187600 nesting

3 resuliont palygons oF averieys- painters bock te arigingl, 18 links-18
gete sels

Describe your system in terms of its capabilities for measurements in

1. points in polygons- shaw/d be seperete ensiysis

2. line measurements- gisience in ony units, works well

3. area measurements- &/ slendsrd units

4. volumetric measurements- 7z user gefinad cbic s

Describe how your system accomplishes the following grid cell analysis

1. grid cell overlay, making composite maps- /7 INTERGRAFH ar in-hause
2. area calculation overlay- ges

3. distance calculations and accessibility determinations- #a? a7 677
exJsting nelywark |

4. optimal corridor selection- »a? an INTERGRAFH
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Does your system allow the following digital terrain analysis 7

1. visual displays of cross sections or 3D views~ y&s. 2ol Wilh 62y
ratetion, camplete 30 17exitiilrty

2. contouring- g&s

3. slope/aspect/sun intensity analysis- yes

4. water shed computations- #a? J-J-arermea’amyépmm

S. visibility analusis- #al an INTERGRAFH, an snather pecksga OCTVIEN
- where hAeight ar hlacking things cen lie entered

Describe the following output techniques for your system

1. hard copy maps- & //22"x 11" plalier, <L7" Versslec color, Csicamp
penplotier |

2. statistical tabulations- ! mam','s'pﬁme’r.é ang line printér

3. displays or interactive CRT's- &% N &lphs larmingls, high rasalulion
calor/ B8V videa Gispleys {1024 5 1280) with 255 colors

4. production of computed data files

SOFTWARE AND DATA

Describe your system’'s capabilities for the following data base
manipulations

1. file creation and updating- stengsrd Gigitizing intersctive undsting
2. file management~ Vax ararsting system. 83 Jevels within 7ije, vser
grrectaries

3. basic search and retrieval- &/7 glirilias sesrchebie

4. listing/ display-

S. query of selected attributes—- wwr/imited with baalesn aparetars

6. query of selected attributes by geographical areas- es

7. windowing manipulations
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8. edgematching of files

9. grouping of multiple maps/files for larger area contiguous map display-
vary essy Lo piece 1ijes tagetihsr with sysitem

10. conversion from grid cell to coordinate and back- y&s

Describe the following interactive functions for your system

1. windowing, enlarging, and geographical symbol manipulation- sgntal
mERIpLIetIan - Virtuslly 6ny Smbal con bhe GIIneg, coir sutlamsalicslly
Fenleee ChEnges

2. editing of cartographical elements (rotation, enlargement,
transformation, deletion)- yes. sceling

3. graphical compositing of multiple overlay files- g&s, Zwrning an
girrerent Jevels

4. overlay of graphic reference grid- war/d menping sysiens- copyversions,
&Isa hes 16tituge/ langituoe grid genaralion (sny grid an eny prajection)
9. interactive graphic entry- gigitizing telie, Keylasrd text, coordinste
ENLrY. hesring

Did you buy your system software ? from what vendor ? WNV7ERGRAFH

HARDWARE

what computer does your system run on ? A /1785 maditied by
INTERGRAFH

Describe your system’s hardware.

Number of workstations, graphic terminals, alpha-numeric terminals, etc.
Do you run more than one system/shift ? Why ? ges, twa shiris for
EEOROMICS

PERSONNEL
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How many people and at what level operate your GIS ? seg &6/

what do you think is a basic set of user skills and how long does it take to
train a new user ? How do you train a new user ?- ATERGRAFH lreining 7s
JPasks 2 1/ weeks 1ar OTH, o 12 Tor Archives, rest 1er grephics
&na 081 shese ' _

Have you had retention- problems ? grephics Lechnicisns

What do you estimate your annual training costs to be ? »7&w sysiem
Slert-up, WrEining courses shawt $80k, SI677 lime snd trevel shout 30K,
ar shount IOk Incluging 6761788

COsST

What was your system acquisition cost and when ? 2478 yesr $1.35 747770
What are your annual personnel costs ? /.7 geanie snnusliy byl IGO0k w/
Lenerils _

How much do you spend on software maintenance or development ? &/ /¢
17 plus ane 1ram venaar 1ar heraywere snd sarlere &t §/1454

What is your annual budget ? £/ 7 miliion

How do you receive funding ? cantrects internsl ond externs!

How much do you spend annuang on data acqmsnmn ? Wells Her Kes
Fraject wes Lr7Ok 86 161, shaul §180k 1or datshsese develapment

DATA SOURCES |

Where do you get your cartographical data ? smast from gigriizing G55,
alher 8gencres S%

Do you use satellite data ? How do you obtain it ? yas st nat processed
BEre, 11om Mepning Servicas 8réncsh

Hovr do you get attribute data ? aiher brenches af 7V ar ather cusiamers
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Questions for Phase 2 interview, | date of interview 2 e 1955
GENERAL

1. Name of GIS Aantucky Netursl Resaurce infermstion System

2. Name of respondent Dsve Kidoie

3. Phone (&%) S84-5/17

MANAGEMENT

How does your organization manage your GIS ? £&s/c8//y 65 & service
orgEnIzEtian

Do you operate mainly as a service bureau for the rest of your organization
or is your GIS administered in another manner ? ges rar gelshase crestion,
Eng 764 aiher Densriment sterr

Who maintains your system's software 7 &ss/stsnce 7ram vengdor aver ihe
phone

Do you utilize a hardware maintenance agreement ? service canirsecis WAL
Ingivigusi supnliers

APPLICATIONS

what are some of the major projects where you have utilized your GIS ?
&-10 prajaects per yesr, LnRes arf prajects includa- stresm nelwork, sai7
MELRING, IININRG SUTLEHITILY. madeliing 1ar s6nitery Jend 1ill laretions,
LENTGREL pHalas 6re USeT 88 L&tk -un

What major projects do you have planned for your GIS 7 or Where are you
going from here ? p/enning &7 expsnsion ar cepshililies

How would you classify your GIS ? (as a engineering mapping system, a
parcel information system, thematic or statistical mapping system, image
processing system, combinations ?)- &//

PROCESS~ AAC-/NFG
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S

How does your system handle the following techniques of spatially located
geographical data ?

1. cell encoding- Sir7ctiy palygon geie eniry, 677 magaling in GR/D

2. topological coding~ #A&ngied iy ARE-INFG WwhHIth Teslures z‘bpofagim}
3. manual digitizing- & gaad L7t

4. automatic entrg device (like from Landsat)- FLAS

5. automated scanner- sz

How does your system handle the following processing or editing steps ?
1. plotting for visual editing- Ae&/is checking

2. topological checking of data

3. splinter removal- s//var- gliminste rowline- some problems st
FPOCESSING A

4. donut polygons- #al & problem, hendied with sartwere

S. conversions of arcs to polygon- c&7 »e done

6. editing of X,¥Y coordinates- ges

7. edge matching analysis- yes. powersu] with seversl! routinas

How does your system handle the following manipulation techniques ?

V. browsing- y&s, con resdily sccess dats bhese la exermine 0ste

2. windowing- i» digitizing moge

3. query window generation- rese’ect, post FIOCESSING dacision

4. multiple map sheet query- grephics/iy con view multinle fijes

5. boolean attribute retrievel and statistical summary- &/ gane by INFG
How does your system handle the following map generalizations ?

1. line coordinate thinning- g/ven ta/arence, ather paints graepped aul, rile
c/esn madea nat Grgrtizing made

2. d‘rop Yine- yes. drapline routine (elimingte/ dissalve Eamneng)
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3. edgematching- yes. waorks well: cleen/mmade

4. thinning polygon vertex coordinates- &/es7

How does your system accomplish

1. calculation of centriods- manuel antry- 6ld sysiam, sulametic- ney'
routing

2. automatic contouring

3. proximal mapping

4. reclassification of polugons- £ggrslilily far multinle ass;pmenz’s

5. conversion of X,Y coordinates location data to a regular and uniform grid
Lotk weys, | -

Does your system accomplish the following manipulations ?

1. scale change- y&s, W7ih same Jimiietions

2. distortion removal by rubbersheeting or linear transformation-
Lrensrarin gigrtizar inches la LT by 7858t sgusreas roiting

3. projection changes-~ &&s .

4. coordinate rotation and translation- yes

What are the limits of polygon overlaying and dissolving for your system ?
address overlays for area calculations and statistical analysis- &2
CRargingle peirs, 86resga- gand, perimelar 575a,

up to 10 fijaes 8t & time (NG

Describe your system in terms of its capabilities for measurements in
1. points in polygons- #agdes ar 6/¢s, bhatlesn specirications siioyed

2. line measurements~ g7sienceas in &iY S1610610 Unils

3. area measurements- &ny stengsrd iniis

4. volumetric measurements-

Describe how your system accomplishes the following grid cell analysis
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1. grid cell overlay, making composite maps- y&s

2. area calculation overlay- y&s

3. distance calculations and accessibility determinations- yes

4. optimal corridor selection- geas, wsing &R/2

Does your system allow the following digital terrain analysis 7

1. visual displays of cross sections or 3D views~ yas, wiilhrotetion
2. contouring- &s

3. slope/aspect/sun intensity analysis

4. water shed computations- #elwark peckege

5. visibility analysis

Describe the following output technigues for your system

1. hard copy maps- 4&s

2. statistical tabulations- 2igh speed 7ine printer
. 3. displays or interactive CRT's~ rasa/wilan 5125 8512 &pd Joans 1esiivre
4. production of computed data files

SOFTWARE AND DATA

Describe your system’s capabilities for the following data base
manipulations

1. file creation and updating- slengsra gigitizing. editing
. file management- graject maengger. 1ile neming
. basic search and retrieval- sesrc/ &nd raetriave Within delslisse
.listing/ display~ &//
. query of selected attributes- yes _
. query of selected attributes by geographical areas- &s

. windowing manipulations- ges

0 ~N O 0O h W N

. edgematching of files
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9. grouping of multiple maps/files for larger area contiguous map display-

With Jang run time |

10. conversion from grid cell to coordinate and back- yes

Describe the following interactive functions for your system

1. windowing, enlarging, and geographical symbol mam‘pul-ation—v &rc plal

2. editing of cartographical' elements (rotation, eniargement,

transformation, deletion)- &//

3. graphical compositing of multiple overlay files- grafseliy nal

4. overlay of graphic reference grid- &ny grid an ony prajection

S. interactive graphic entry- gigitizing lelile, keyhasrd text, caordinsté

Did you buy your system software ? from what vendor ?

ESRY, Miniteh FIAS

HARDWARE

What computer does your system run on ? Frime 750

Describe your system’s hardware.

Number of workstations, graphic terminals, alpha-numeric terminals, etc.
! grephics termingl, I imege pracessing station, shaut 20 termingls, end
! Gigitizing stetian

Do you run more than one system/shift ? Why ? ane shi7i, < 615 persannel

76 detshsses

PERSONNEL

How many people and at what level operate your GIS ? slaw! &0 users eng

J=4f strr MENEGESS, shaUL ST Pragremmers imege enslyst 1or & Praject.
Twa grephics peaple on sL&17

What do you think is a basic set of user skills and how long does it take to

train a new user ? How do you train a new user ? 2r&/n/ng gone in hoise
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Have you had retention problems ‘?- YEs

What do you estimate your annual training costs to be 7

COST

What was your system acquisition cost and when ?

What are your annual personnel costs ? |

How much do you spend on software maintenance or development 7
What is your annual budget ?

How do you receive funding ? siele funding

How much do you spend annually on data acquisition ?

DATA SOURCES

Where do gou get your cartographical data ? &Ganers/iy gigiiize dels for
SRECITIC prafect, samea G6le Inciuged in stele dsilsliese

Do you use satellite data ? How do you obtain it ? yes, Asve used in psst,
but nal mmuch prasentiy; used FLAS

How do you get attribute data ? essantis/ly 7rom ather sgenciaes for

grgitizetion
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Questions for Phase 2 interview, date of interview /7. twme 19585
GENERAL

1. Name of GIS NOSS/ 8L Danver Service Center, nale 8780 incliudes
£O8 (cortiagrephic auiput system), ANS (6nslyticsl mepping sysiem) end
IDINE {imeage processing system)

2. lame of respondent /M fal Adsi

3. Phone {303 236-0/09

MANAGEMENT

How does your organization manage your GIS ? 22/s a7fice 8cis 85 &
Suppart argenizelion te e stele arrrcas when they da nat heve lhe
FERQUICES 1a Ga & SpecHTic prajact

Do you operate mainly as a service bureau for the rest of your organization
or is your GIS administered in another manner ? yeas, &/sa gistrituie
SEMIENNIE] URGELES G SaTLWEIE 8110 Jalitigs 68 NECESSEIY

Who maintains your system's software ? 7achinicalar Gavernment Services
Caaraingles mast auisige rwnciions

Do you utilize a hardware maintenance agreement ? \uses vendor contrects
For meintensnee

APPLICATIONS

What are some of the major projects where you have utilized your GIS ?
FESQUICE INENEGEMENT fl6ns- Where Uhe hest Jacslions sre 16 veriaus
LHInGS.: @nvIirenmentsl impsct stetements, sciivily plons like renge pléns/
TOresiry vsa: Will Le axpending more inia the sres of minersls
EORIICELIoNs- £asl 1665ing. areinggea, ail & ges inventory

What major projects do you have planned for your GIS ? or Where are you
going from here ? m/narsl saplicelions, mining cleims, 67/sa invalved in &
mejar test ar sartwere hefore relesse e ather B affices

How would you classify your GIS ? (as a engineering mapping system, a
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parcel information system, thematic or statistical mapping system, image

processing system, combinations ?) cambinetion

PROCESS
"How does your system handle the following techniques of spatially located
geographical data ? |

1. cell encoding, &8s

2. topological coding, #&s

3. manual digitizing, yesmasz’}y contreciad airt

4. automatic entry devi’ce (like from Landsat), yes,?wea or three peaple 1wl
2inea

S. automated scanner, »s¢

How does your system handle the following processing or editing steps ?
1. plotting for visual editing

. topological checking of data, yas 2hrough the tuse arf NS

. splinter removal

. donut polygons

. conversions of arcs to polygon, yes

. editing of XY coordinates, manusl gigritizing, sa na line Lhinming

~N O O b WM

. edge matching analysis, #e

How does your system handle the following manipulation techniques ?
1. browsing, g&s

2. windowing, yes |

3. query window generation, y&s

4. multiple map sheet query, yes

S. boolean attribute retrievel and statistical summary, wesk in ragressian
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18 Crass 160ing

How does your system handle the following map generalizations 7
1. line coordinate thinning

2. drop line

3. edgematching, &/7 dane 1 the digrticing ar gsis

4. thinning polygon vertex coordinates, #a yubbcr sheealing, deas da
WEEDING- FEmava] af UInecassely Caordingles 1a regice 66ts

How does your system accomplish

1. calculation of centriods

2. automatic contouring

3. proximal mapping, Gaas caridar 678/Y8FS

4. reclassification of polygons

9. conversion of X,Y coordinates location data to a regular and uniform grid

Does your system accomplish the following manipulations ?

1. scale change _
2. distortion removal by rubbersheeting dr linear transformation, »ane
3. projection changes, vses {868 s packege

4. coordinate rotation and translation, geas

What are the limits of polygon overlaying and dissolving for your system ?
address overlays for area calculations and statistical analysis

SEANND COarTInGle pEIrE 161 8 11980 INENTINNT

Describe your system in terms of its capabilities for measurements in
1. points in polygons

2. line measurements
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3. area measurements

4. volumetric measurements

Describe how your system accomplishes the following grid cell analysis
1. grid cell overlay, making composite maps

2. area calculation overlay

3. distance calculations and accessibility determinations

4. optimal corridor selection, a’z;esmz‘ oo

Does your system allow the following digital terrain analysis ?

1. visual displays of cross sections or 3D views, geas nat dn?eafag;‘a&f
preriles

2. contouring

3. slope/aspect/sun intensity analysis

4. water shed computations, »e

5. visibility analysis, _WSTA ENENYSIE

Describe the following output techniques for your system
1. hard copy maps, &8s

2. statistical tabulations, y&s

3. displays or interactive CRT's, y&s

4. production of computed data files, g&s

SOFTWARE AND DATA

Describe your system's capabilities for the following data base
manipulations /MNass 7s in Fariren ¥V 7or Dete Genersl/

1. file creation and updating

2. file management
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3. basic search and retrieval- se ffefenmai G8ls hese cepotilities

4. listing/ display

9. query of selected attributes

6. query of selected attributes by geographical areas

7. windowing manipulations

8. edgematching of files

9. grouping of multiple maps/files for larger area contiguous map display

10. conversion from grid cell to coordinate and back

Describe the following interactive functions for your system
1. windowing, enlarging, and geographical symbol manipulation
2. editing of cartographical elements (rotation, enlargement,
transformation, deletion) - Ly cammsnd on the Sysiam

3. graphical compositing of multiple overlay files

4. overlay of graphic reference grid

3. interactive graphic entry

Did you buy your system software ? from what vendor ? Dsts Gepars)
aREreting system '

HARDWARE

What computer does your system run on ? Dsts Gepars?

Describe your system's hardware. _

{330 DB (Folipse) HF JO00 series 3 for 1D/MG

Y 2002 D7- PR 20 %

Number of workstations, graphic terminals, alpha-numeric terminals, etc.
Bhat F2 Lerminsls, some 16Ms NG LGmpEes 88 terminsgls

Do you run more than one system/shift ? why ? ave SHITE, might be tieo
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shoartly gue la workiassd

PERSONNEL

How many people and at what level operate your GIS ?

saplications shawt 10, Sysiams aps shoul 3, pragromming/1ech supnort
aliai! 3 plus shail & conlrectars

what do you think is a basic set of user skills and how long does it take to
train a new user ? How do you train a new user ? week Jang ireining
Calrse, then sIx ward problems/ cose SHUGIes invalving enviromnents’
impsct ele.

Have you had retention problems ? #a mast peapia hare heve been here
1885 Uhsn one yesr, na probilems with saplicstions peaple, same trovble
GLLracling sartwere gevelapment peopie ”

What do you estimate your annual training costs to be ?

COST

What was your system acquisition cost and when ? /9757 staried

What are your annual personnel costs ?

How much do you spend on software maintenance or development ?
rauGHlYy 10 pragreémmers

what is your annual budget ?

How do you receive funding 7 cambinstion af arfice runding end prajact
1nging, mastly comes it orf Weshinglon

How much do you spend annually on data acquisition ? si/etes spend the
mEJarity, eltaut $30k here this yesr

DATA SOURCES ,

Where do you get your cartographical data ? se/f ganeréeted, LISGS, meps
Trom the 11eld, imegea pracessing

Do you use satellite data ? #2s How do you obtain it ? £RGS snd HFY,
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LIOCESSET Wilh 1OINE

How do you get attribute data ? vervows men sowrces
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DATA SOURCES

Where do you get your cartographical data ? cambingtion af in-house ond

conlrecior sunnlied
Do you use satellite data 7 How do you obtain it ? Aeve used LANOSAT ond

IHemalic meane)r”

~ How do you get attribute data ?
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